We report the clinical, electroencephalographic and neuroradiologic findings of a patient with supernumerary der(22) syndrome -partial 22 trisomy, derived from a (11;22) maternal translocation -and a wide spectrum of cerebral malformation. Magnetic resonance study evidenced a partial midline defect (hypoplasia of the corpus callosum, mild dilatation of the mid portion of the occipital horn of the lateral ventricles and a mild enlargement of the frontal horns) and a malrotation of the body and the tail of both hippocampi, which present a vertical position. This patient was severely mentally retarded and he was affected by drugresistant focal epilepsy: the seizures were of fronto-temporal origin with possible secondary generalization. The electroencephalographic studies showed a pattern similar to that observed in other cortical malformations. About 30% of the patients with der(22) have cerebral malformation but none presents an hippocampal malrotation. Moreover, this defect seems to be linked to the epilepsy. (J Pediatr Neurol 2003; 1(1): 39-42).
Introduction
Developmental cerebral malformations are reported in patients with specific chromosomal alterations (1) . Cerebral defects, essentially involving the midline, have been detected in 30% of patients with supernumerary der(22) syndrome (2) . Epilepsy is the main characteristic of patients with cerebral developmental abnormalities and it has recently been associated with hippocampal malrotation disorders (HIMAL) (3, 4) .
We present a patient with the supernumerary der(22) syndrome, hippocampal malrotation and partial epilepsy, with the aim of discussing how these three symptoms relate to one another.
Case Report
B.S. is a 10-year-7-month-old boy, born to non-consanguineous healthy parents. The family history is negative for neurological diseases with the exception of a maternal uncle, who is affected by epilepsy with complex partial seizures. The patient has a younger healthy sister. After an uneventful 39-week pregnancy, he suffered from birth hypoxia and septic complications, but he did not have neonatal seizures. The birth weight was 2850 g, and he showed microcephaly, right palpebral ptosis, convergent strabismus, micrognatia, left preauricular tag, abnormal conformation of the left ear, left renal ectopia, cryptorchidism, congenital hip dysplasia, a visual defect, bilateral neurosensorial and conductive hearing loss. At 2 months of age, he had his first seizure characterized by staring, diffused hypertonia, paleness, which lasted a few minutes. The electroencephalography (EEG) was characterized by slow polymorphic delta activity in the right temporo-occipital region ( Figure  1a ). The neurological development was delayed withcrawling at 18 months, walking at 4-6 years; language development was also delayed and it is now limited to a few words. He is severely mentally retarded. The computerized tomography scan of the brain showed a mild ventricular dilatation with corpus callosum hypoplasia. During follow-up EEG features show poor electrogenesis organization, rapid rhythms (Figure 1b) , multifocal spiky activity more evident in the left temporo-occipital region (Figure 1c) , high amplitude bilateral fronto-central rapid and slow monomorphic activity, more evident in the right hemisphere (Figure 1d) .
He has been seizure-free for long periods with short periods of frequent seizures, some of them of long duration. The seizures are unchanged over the years, they have a partial onset, being characterized by frightened wide-open eyes, crying and uncoordinated movements, sometimes followed by a tonic-clonic seizure ( Figure 2 ). In conclusion he has complex partial seizures, arising in the left frontotemporal region, unchanged over the years, resistant to the antiepileptic drugs. At 6 years the magnetic resonance imaging (MRI) showed thinning of the corpus callosum, mild dilatation of the mid portion of the occipital horn of the lateral ventricles and a mild enlargement of the frontal horns. The body and the tail of both hippocampi are malrotated and present a vertical position(HIMAL). No signal alterations of both hippocampal nervous tissue in T1 and T2 weighted images and areas of cortical dysplasia were found ( Figure 3 ). The patient's karyotype is 47,XY,+der (22), t (11;22)(q23;q11)mat, with a break point between sc11.1b and D22S264 markers. The cytogenetic analysis of the mother reveals a balanced translocation between chromosomes 11 and 22; her karyotype is 46,XX,t(11;22)(q23;q11). The patient's father and the sister have normal karyotypes.
Discussion
This case is particularly interesting due to the relationship among partial 22 trisomy, corpus callosum hypoplasia, hippocampal malrotation and epilepsy. This relationship has never been described, but some indications lead us to think that it is not merely by chance. The (11;22) translocation is the most frequent balanced translocation in man. In our patient we studied both chromosome 11 and 22 by molecular analysis of the low copy repeats (LCRs), to confirm that the breakpoints involved in both balanced 11:22 translocation and in the unbalanced der 22 chromosome were the usual ones, observed and described in the literature. In translocation carriers, 3:1 meiotic segregation produces offspring with partial 22 trisomy. The 3: 1 meiosis malsegregation of the 11:22 translocation is the mechanism that produces the supernumerary der 22 offsprings in all the families reported in the literature (5) . Since the first description about one hundred patients with supernumerary der(22), who show multisystemic malformation and severe mental retardation have been described (6) . Cerebral anomalies, which include microcephaly, trigonocephaly and midline defects (hypoplasia of the corpus callosum and the cerebellar vermis, Dandy-Walker malformation, dilatation of the ventricles and hydrocephaly) are reported in about 30% of these (2) . Hippocampal malrotation has never been observed as an additional cerebral malformation.
In their series, Baker and Barkovic (7) found a vertical orientation (incomplete inversion) of the hippocampal formation in 82% of patients with cerebral malformation and in all patients with agenesis of the corpus callosum. They suggest that this malformation is due to an early interruption in the hippocampal and dentate gyrus neurogenesis or neuronal migration (7). According to Kier et al. (8) disorders of the hippocampal development occur before the 18 th week of gestation.
Until now the malformations of the hippocampi have not been classified, therefore it is impossible to fully characterize this malformation; the defect lacks of specificity because it can be observed in different contexts, such as widespread cortical dysgenesis or focal temporal lobe abnormalities or apparently in isolation (9) . The causes of the hippocampal malrotation can be genetic, toxic, ischemic: in our case it can be of genetic origin, due to the association with the other cerebral malformations and the presence of chromosomal anomaly, as described in the trisomy 18 syndrome, in which an underdevelopment of the dentate gyrus and a malrotation of the entire hippocampus has been found (10).
Lehéricy et al. (4) studied 222 patients with temporal lobe epilepsy by mean of the MRI. She found a hippocampal malformation in seven patients and malrotation in two (4). Barsi et al. (3) report the prevalence of HIMAL in 6% out of 527 patients studied with the MRI because of a suspicion of epilepsy. The actual prevalence of epilepsy in HIMAL is unknown, but in the pre-selected cited series, 12% of the patients had epilepsy. Epilepsy is characterized by complex partial seizures. Because of the scarce prevalence of epilepsy and the contradictory localization of interictal EEG discharges, Barsi et al. (3) conclude that HIMAL is not the most likely cause of the epilepsy syndrome. On the contrary Baulac et al. (9) documented isolated hippocampal malformations in 13 patients with temporal lobe epilepsy. Three out the 13 patients displayed bilateral changes (9) .
In our case the peculiarity of EEG changes (poor electrogenesis organization, diffused rapid rhythms, high amplitude slow monomorphic activity with multifocal spikes), is similar to those observed in other cortical malformations (11) . Moreover, the seizures, which prove to be drug-resistant, seem likely to be linked to the hippocampal malformation because of the history, the type of the seizures, the electroclinical features of the recorded seizure ( Figure 2 (3) suggests a possible role of heredity in these disorders because of the discovery of this malformation in a father and son. In our case, the relationship between the cerebral malformation and the chromosomal aberration is puzzling, even if the prevalence of midline defects in der(22) syndrome is reported to be high (2) .
The cytogenetic analysis shows a break point in the region normally involved in the t(11;22). On chromosome 11 the translocation occurs within short palindromic AT-rich region (ATRR). Likewise, the breakpoint on chromosome 22 has been localized within an ATRR that is part of a larger palindrome. The rearrangements are likely to occur by non-homologous recombination events between blocks of the low copy repeat (12) .
We can not exclude that our patient belongs to the group of midline malformation in der(22) syndrome plus a more extensive developmental defect (13) . This patient is interesting because he expands the spectrum of the cerebral malformation in der(22) syndrome, to include hippocampal abnormalities. We feel that this patient may support the hypothesis that the hippocampal malformation plays a role in the pathogenesis of his partial epilepsy.
